This investigation was conducted on the surface modification of Glassy carbon(GC) material by R.F. glow discharge plasmas with the aim of investigating the surface nitriding for the GC materials with the nitrogen plasma. The contact angles for water to GC surface after the plasma treatment was measured. And their surfaces were analyzed by using Raman spectroscopy and ESCA. Nitrogen-plasma treatment makes the GC surface hydrophilic. The difference 0 9 of the contact angles between those before the treatment (80°) and those at 30 minutes after the treatment was investigated. A 9 is considered the effects of plasma treatment. As input power increased from 10W to 70W, the difference 0 9 increased (on power electrode : from 46° to 63°, on earth electrode : from 32° to 58° ). The composition ratios, 0/C and N/C on the untreated GC surfaces were 0.0 and 0.0, respectively. Upon treatment with NZ plasma, this ratio increased to 0.12 (0/C) and 0.18 (N/C) for the GC surface. Nitrogen atoms and oxygen atoms, namely, were introduced to the GC surface. Introduction of nitrogen atoms was caused by the nitrogen radicals and nitrogen ions. The oxygen atoms were introduced by nitrogen ions. Nitrogen ions were accelerated by the sheath voltage and bombarded the GC surface at high energy. As the result, the active and long life-time radicals were generated. The reaction between these radicals and the oxygen in the air took place when they were taken out from the treatment chamber to the air after plasma treatment.
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This investigation was conducted on the surface modification of Glassy carbon(GC) material by R.F. glow discharge plasmas with the aim of investigating the surface nitriding for the GC materials with the nitrogen plasma. The contact angles for water to GC surface after the plasma treatment was measured. And their surfaces were analyzed by using Raman spectroscopy and ESCA. Nitrogen-plasma treatment makes the GC surface hydrophilic. The difference 0 9 of the contact angles between those before the treatment (80°) and those at 30 minutes after the treatment was investigated. A 9 is considered the effects of plasma treatment. As input power increased from 10W to 70W, the difference 0 9 increased (on power electrode : from 46° to 63°, on earth electrode : from 32° to 58° ). The composition ratios, 0/C and N/C on the untreated GC surfaces were 0.0 and 0.0, respectively. Upon treatment with NZ plasma, this ratio increased to 0.12 (0/C) and 0.18 (N/C) for the GC surface. Nitrogen atoms and oxygen atoms, namely, were introduced to the GC surface. Introduction of nitrogen atoms was caused by the nitrogen radicals and nitrogen ions. The oxygen atoms were introduced by nitrogen ions. Nitrogen ions were accelerated by the sheath voltage and bombarded the GC surface at high energy. As the result, the active and long life-time radicals were generated. The reaction between these radicals and the oxygen in the air took place when they were taken out from the treatment chamber to the air after plasma treatment.
The contact angle decreased by introducing the functional groups having nitrogen atoms and oxygen atoms onto the GC surface with nitrogen plasma. The surface nitriding of the carbon materials can be made easily with the short-time treatment of nitrogen plasma.
Introduction
Cold plasma is used in many fields as well as in the clothing of the metal and in facilitating of adhesive property [1H3] . We have modified various carbon materials with reactive gas and inert gas plasmas [4] [5] . The effects of the plasma elements and the influences of the plasma parameter have been investigated in relation to these plasmas [6] . Also we have looked into their mechanisms [7] [81.
In order to raise the mechanical characteristics the carbon materials (carbon fiber) modified by plasma [9] [10] were used as the composites.
The nitrogen plasma is used recently for making TiN, TiC and FeN[111. The nitrogen plasma is used for surface modification with carbon material. It is considered that the nitrogen atoms can be introduced onto the surface of carbon materials by nitrogen plasma. But the detail mechanism of introduction of nitrogen onto the carbon surface has not been made clear.
The purpose of this study is to clarify the mechanism of the surface modification of carbon material with nitrogen plasma by using the contact angle measurement, ESCA spectroscopy, RAMAN spectroscopy, analysis of light emission radiated from plasma and SEM.
Experiment
We used glassy carbon with high density and strength (GC plate, Hitachi Chemical Co. Ltd., PXG -3, length : 25mm, width : 25mm, thickness :1mm) as the sample. Glassy carbon plate had been washed by acetone and alcohol, and then dried before it was used.
Cold plasma treatment was carried out by R . F . glow discharge plasmas. The plasma apparatus with parallel plate electrodes (Nichiden Anelva, the modified version of PIA-200 [7] ) was used for treatment. This plasma apparatus has a power electrode (diameter : 97 mm), and an earth electrode (diameter : 92 mm) in stainless-steel discharge vessel (inside diameter 15cm). Samples are placed on the earth electrode and power electrode, and the discharge chamber can be evacuated to a high vacuum of about 2.63 X 10 -4 Pa. R.F. power (13.56MHz) from R.F. electric power source is supplied to the power electrode through a matching box with blocking condenser and the plasma (cold plasma) is generated between electrodes.
We used highly pure nitrogen gas. The discharge chamber had been evacuated to a high vacuum in advance. Then the nitrogen gas was introduced into the treatment chamber in order to generate plasma. The pressure in the chamber was adjusted to 13.3 Pa. Then, a designated power (0 70W) was supplied to the electrodes. The glass tube (diameter:115 mm), which covered the space between the power electrode and the earth electrode, was placed around these electrodes in order to prevent the plasma from dispersing from the region between the two electrodes. conditions in our experiment are shown in Table 1 .
Treatment
The contact angle and its elapsed change in the air at the room temperature with water of each carbon plate surface before and after the plasma treatment, were measured by a goniometer-type contact angle meter (Erma, G-I) to estimate the plasma-treatment effects. The elemental analysis of the various carbon materials before and after plasma treatment, was carried out by the electron spectroscopy for chemical analysis (ESCA: ESCA-5600, ULVAC-PHI, Inc. system using MgK a X-ray source at a sample chamber pressure of 10-9 Ton order). The structural properties of carbon surface is estimated by laser Raman spectroscopy. Raman scattering is sensitive to changes in structure and therefore an crystallinity and distortion (layer deformation) of carbon materials [12] , The Raman spectra were measured by a laser Raman spectrometer (RENISFIAWi, p~System-2000,using 633 nm line of HeNe laser). The line at 1360 cm-1 is due to a disordered structure in carbon [13] . We estimate the deformation of GC structures by the half width of 1360 cm-1 Raman band [14] [15], Optical emission spectra radiated from plasmas in discharge chamber were measured using monochrometer (Shimadzu, SPG-100S) with fiber optics for light collection. Also, we use scanning electron microscopy (SEM, JEOL, JSM-T300) in order to investigate the morphology change on the surface of carbon material after plasma treatment.
Result
Surfaces of GC were treated with nitrogen plasma while varying input power. Fig.! shows the resulting differences in contact angles between those before the treatment (80°) and those at 30 minutes after the treatment. We estimate the modification effect by using contact angle difference Table  1 Treatment conditions. 0 8 , which is (the contact angle after plasma treatment) -(that before treatment). As input power was increased, difference in contact angles 0 8 increased (power electrode : from 60° to 73°, earth electrode : from 28° to 46°). As a result, effect of treatment increased in the case of placing GC on power electrode and on earth electrode. The treatment with power electrode led to the greater improvement of material surfaces than that on earth electrode. Table 2 shows the results of measurement of composition ratios, O/C and N/C on GC surfaces, which were treated with N2 plasma when they were put on the power electrode and earth electrode.
The O/C ratio of the untreated surface was 0.0. Upon treatment with N2 plasma (10 W), this ratio increased to 0.14 (power electrode) and 0.11 (earth electrode). Also, when treatment power increased to 50 W, this ratio increased to 0.29 (power electrode) and 0.25 (earth electrode). The N/C ratio of the untreated surface was 0.0. Upon treatment with N2 plasma (10 W), this ratio increased to 0.17 (power electrode) and 0.06 (earth electrode). Also, when treatment power increased to 50 W, this ratio increased to 0.19 (power electrode) and 0.07 (earth electrode). For O/C and F/C, those of the sample placed on the power electrode in plasma treatment was larger than that on the earth electrode. 3 shows the time course of surface condition changes of GC in air at room temperature when they were put on the earth electrode and power electrode, and processed at the same time, using highly reactive plasma at 50W (N2 :1min). GC surface treated with N2 plasma become hydrophilic. The contact angle decreased after the treatment, but increased with the lapse of time.
The contact angle of the material surface after the treatment which was placed on the power electrode Fig . 5 shows the resulting wave intensity of optical emission spectra against the input power.
As input power was increased, the variation of intensity ratios increased with respect to the every peak. But the tendencies of intensity increase of the sample on the power electrode are different from that on the earth electrode.
Fig . 6 shows the resulting wave intensity of optical emission spectra against the difference of the surface-modification effect in case of the power electrode. This figure showed the relationship between the intensity of light and the modification effect in case that the sample was placed on the power electrode. As surface-modification effect increased, wave intensity of optical emission spectra increased remarkably. It is considered that increase of the light intensity is proportional to square of the modification effect for each wave length. Fig. 7 shows the resulting wave intensity of optical emission spectra against the difference of the surface-modification effect in case of the earth electrode. This figure showed the relationship between the intensity of light and the modification effect in case that the sample was placed on the earth electrode. As surface-modification effect increased, wave intensity of optical emission spectra increased with respect to the every peak. It is considered that each increase is linear on modification Table 3 shows the half width H1360 of 1360cm-1 band of Raman spectra while varying input power. The H1360 before the treatment is 42 cm-1. As input power increased, H1360 increased (power electrode : 45 cm-1 to 50 cm-1, earth electrode : 42 cm-1 to 47 cm-1). The H1360 half width 218 Table   3 Half width H1360 of 1360cm-1 Raman band of GC surface treated by N2 plasma, (SOsccm,13.3Pa,1min.) Fig.5 Wave intensity of opical emission spectra with N2 plasma against the input power.
(flow rate : 50sccm, pressure :13.3Pa ) Wave intensity of opical emission spectra with N2 plasma against the Difference of the surface-modification effect in case of power electrode. (5Osccm,13.3Pa,1min Wave intensity of opical emission spectra with N2 plasma against the Difference of the surface-modification effect in case of earth electrode. (5Osccm,13.3Pa,1min.) intensity of optical emission spectra of ©2 . As wave intensity increased, difference of the surfacemodification effect increased remarkably. Modification effect of the material which was placed on the power electrode was larger than that of material placed on the earth electrode, the graph of the modification effect on earth electrode showed a liner line, and that on power electrode showed a curve. Fig.9 shows SEM photographs of the GC before and after the plasma treatment. Because GC is made by carbonizing the fran resin, heat-treating it at the high temperature of about 3000°C, the flat and close organization-structure on its surface was observed as shown in Fig.9 A (untreated).
In case that it was treated by placed on the power electrode (Fig.9 B) and placed on the earth electrode ( Fig.9 C) , no change in the morphology was observed. 
Discussion
From the results of the contact angle, 0/C, N/C, RAMAN spectra and SEM photographs, modification effect of power electrode was much larger than that of the earth electrode. This fact can be explained as follows. Since the discharge chamber itself can be considered as ground, the effective area of the earth electrode is much larger than that of the power electrode. The blocking condenser was between the power electrode and the matching box. The discharge frequency is 13.56 MHz (radio frequency). Accordingly, a large amount of self-bias developed in sample placed on the power electrode [16] [17] . As a result, the sheath voltage of the power electrode was greater than that of the earth electrode, and the power electrode showed a high negative potential with respect to the plasma potential. Accordingly, the positive ions moved toward the power electrode at higher speed and bombarded its surface with high energy. This resulted in the differences in the effects of treatment due to differences in the placement of samples. There are many positive nitrogen ions, which are N+ and N2+ mainly, in plasma composition elements of the nitrogen discharge[181.
Therefore, the collision-energy of the ion bombardment onto the sample surface placed on the power electrode is much larger than that on the earth electrode. Accordingly, effects of the modification in case of samples placed on the power electrode side were greater than that on the earth electrode. In case of the nitrogen plasma treatment, the direct introduction onto the material surface of functional oxygen groups which contribute to the alteration of the surface to a hydrophilic one is difficult to cause. As the chamber with the sample is evacuated to a high vacuum before the plasma treatment, the sample does not come in contact with the oxygen atoms in plasma treatment. Even if the oxygen atoms were absorbed on the material surface before the treatment, they were removed from its surface by the cleaning effect of plasma at the early stage of the treatment. However, in the ESCA analysis of the surfaces of treated samples, oxygen atoms and nitrogen atoms were detected, and the presence of several types of functional oxygen groups was confirmed. Moreover, the value of 0/C of the sample surface placed on the power electrode in plasma treatment was larger than that on the earth electrode, which means generation of functional oxygen group was affected by the sheath voltage. We speculate that due to acceleration and bombardment of ions induced by the sheath potential of the power electrode, highly reactive radicals with long lifetime were created on the surface of the sample, which reacted with oxygen atoms in air at time of removal of the sample from the chamber after plasma treatment, and thus led to the formation of functional oxygen groups. This consideration can be applied to the functional nitrogen groups introduced to the sample surface. The value of N/C of the sample surface placed on the power electrode was much larger than that on the earth electrode. This considered that the nitrogen ions bombarded to the sample surface at high energy and their ion and the carbon atoms of the sample interacted. In this result, the nitrogen atoms were introduced onto its surface, and the generation quantity of the functional nitrogen group was influenced by the sheath voltage of the electrode.
There were elapsed changes (changes with time) on the contact angle of the sample surface after plasma treatment. It is well known that the functional oxygen group removes from the surface, and value of 0/C on the surface reduces [19] . By this decrease of the oxygen atoms, the elapsed change occurred. The study of ours this time showed that the elapsed change exists even if the functional nitrogen group exists with the functional oxygen group simultaneously. But it is being investigated now whether the functional nitrogen group remove from the sample surface by its inflow into the inner part of the sample as the functional oxygen group does so. Also, the hydrophilic radicals generated by the collision of the ions, which reacts with the oxygen in air when the sample is taken out of the chamber to the air after plasma treatment, may contribute to the formation of hydrophilic surface. It is considered that these radical is the cause of the elapsed change. The degree of the modification effect (A 9 ) looks like being proportional to one of the square root of the input power.
It is stated that the plasma density is proportional to one of the square root of the input power.
Therefore, in case that the input power is not considerably large and the time of plasma treatment is not fairly long, the modification effect may be proportional to the plasma density. It is important to analyses the relationship between the modification effects and the wave length and its intensity of the light radiated from the plasma. In case of increasing the intensity of the light radiated from plasma, the tendency of variation on the modification effect (A 9 ) shows a similar one for each wave length of the light. When the sample is placed on the earth electrode in plasma treatment, against increasing the intensity, the modification effect increased linearly for every wave length. With respect to the sample placed on the power electrode, the increase tendency of 0 9 looks like being proportional to the square root of the magnitude of the intensity for every wave length. In case that the intensity is the same magnitude, A 9 of the sample placed on the power electrode is considerably larger than that on the earth electrode for each peak. This means that the acceleration of ions in the sheath region affects the modification effect. What wave length gives the influence to the modification effect and what element in the plasma is related to the every wave length of the light is being investigated now.
Conclusions
As an effect of the surface modification with N2 plasma, the positive ion within N2 plasma collide with carbon surface with large energy accelerated by the sheath voltage of electrode.
Therefore on the GC surface hydrophilic radicals having long life-time were made. At time of removal of the sample from the chamber, those radicals reacted with oxygen molecules in the air.
The nitrogen ions react directly with the carbon atoms on the material surface. As a result, oxygen atoms and nitrogen atoms were introduced to the material surface from the nitriding. Those nitrogen atoms could contribute for making the material surface hydrophilic.
Following points are now being examined in detail : What are the main elements which contribute to make the material surfaces hydrophilic. How the amount of nitrogen ion or nitrogen radical introduced affect the degree of hydrophilic or nitriding characteristics of the surfaces.
